Background
Introduction
Echinococcosis is one of the most geographically widely distributed parasitic zoonosis. It is caused by infection with the larval stage of the cestode Echinococcus, including Echinococcus granulosus(E. granulosus) and Echinococcus multilocularis(E. multilocularis), and the both species are responsible for the disease, which mainly affects human and animals [1] . E. granulosus infection occurs in the intermediate host (human and domestic animals, like sheep, camel, cow, et al.,), by a series of successive events: when ingested by intermediate hosts, the E. granulosus eggs hatched in the intestine will transform into oncosphere phase with the help of bile juice, which penetrate through the intestinal wall, and eventually reside in the internal organs by following the portal blood stream. Most commonly, primary infection develop in the liver [2] [3] [4] , where the oncosphere metamorphoses into the next larval stage, the metacestode, which could overcome the immune system and subsequently develop as fluid-filled cysts in the liver, leading to mechanic pressure and to pathological changes associated with compression or obstruction [1, 4] .The disease, also called cystic echinococcosis (CE), is usually prevalent in pastoral and/or semipastoral area in China, Central Asia, Middle East, South America, and some part of Europe. CE not only contributes to be a major public health issue in areas of poor sanitary and hygiene, but also makes herdsman suffering from economic losses due to animal health problems in many rural areas of the world [1, 5, 6] .
For many years, several efforts have been made to control CE infection. One of the most appealing strategies for such prevention is the immunology study, as a better understanding of the immune events during the infection process is extremely of importance in developing immunodiagnostic kits and highly effective recombinant vaccines against E. granulosus infection. In succession, a multitude of excellent reports on the immunology of echinococcosis have been published out, on the theme of highlighting variability in immunological responses between individuals including high or low antibody responders and Th2-or Th1-dominant cytokine profiles [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Among them, most studies carried out were either upon in vitro experiment (culturing cyst) [9, 10, 14] or so-called secondary infections (intraperitoneal inoculation of fully developed metacestode cyst) [11, 13, 18] . To fully understand the biology events of CE, it is, therefore, necessary to carry out a primary infection experiment, by perorally inoculation of infectious E. granulosus eggs in animals, resulting in an intrahepatic cysts growth of the metacestode that overcomes the immune system and subsequently established a chronic phase of infection.
With the character of highly susceptible to CE, sheep is an excellent model to study the host-parasite interplay [19] . Previously, by orally infected with E. granulosus eggs, sheep are primary infection with CE, and the microarray analysis on gene expression profiles in the intestine of sheep were carried out by us. We found that the innate immunity response was activated in the parasite locating intestine stage of infection, which reflected the molecular immunological mechanism of early infection to some extent [20] . However, since parasite cysts are able to live for very long periods in the infected intermediated host, it is, therefore necessary to understand the mechanisms that E. granulosus evades or modulates the host immune response through. To date, the genetic program that regulates the mechanisms by which E. granulosus infection occurs and induces liver pathology is largely unknown, although the liver is most frequent location of echinococcal cysts in the liver, representing approximately 70% of cases echinococcal cysts [2, 3] . In turn, studies on the molecular mechanism of host response to AE caused by infection with E. multilocularis have been well documented in the hepatic transcriptome level [21] [22] [23] , and furthermore, the nuclear genomes of E. multilocularis and E. granulosus have already been characterized recently [24, 25] , which may help gaining a deeper understanding of host-parasite interaction [26] .
In the present study, to further understand the host defense mechanisms and identify effector mechanisms of host response to E. granulosus infection, we examine changes in gene expression in the livers of sheep infected with E. granulosus, by using microarray-based methodology.
Materials and Methods

Ethics statement
All animals were raised and handled in strict accordance with the Animal Ethics Procedures and Guidelines of the People's Republic of China. The protocol was approved by the Institutional Animal Care and Use Committee of Shihezi University.
Experimental animals, parasites, and infections
An established sheep model of primary cystic echinococcosis was used as previously described [20] . Briefly, one-year-old female healthy Kazakh sheep purchased from the No.165 farm, (Tacheng, Xinjiang) and were raised in parasite-free conditions of Shihezi University. They were randomly allocated into infection (n = 3) and control groups (n = 3). They were negative for antibodies to hydatid cyst fluid (HCF) antigen, assayed by a commercial ovine hydatidosis ELISA kit (Shenzhen Combined Biotech Co., Shenzhen, China), and no hydatid cysts presented in internal organs detected by ultrasonography prior to the experiment.
Following strict safety, three sheep were orally infected with 5000 E. granulosus eggs and the other three were kept as uninfected controls. The parasite eggs isolation and safety handling were described in our previous study [20] . After infection, the ultrasound was performed to detect the parasitic lesions or hydatid cyst on the liver per week. At 8 weeks (8wks) post-infection, animals were sacrificed with an overdose of euthanasia medicine containing hydroxybutyramide, methylene ammonium iodide, tetracaine (100mg/kg, IV route) for the healthy control group and for the group representing the chronic stage of primary CE.
The infection of CE in the liver was detected by counting the number of parasitic lesions macroscopically visible on and within the liver tissue. The tissues selected methods in this study was according to the references reported by Gottstein et al. [21] and Wang et al. [23] . In E. granulosus infected sheep, the liver tissue was removed and approximately 100 mm 3 -sized periparasitic liver tissue blocks (close to the lesion by 5mm, avoiding the contamination by parasitic E. granulosus tissue/cells and correspondingly involved infiltrating host immune cells) were dissected, while control samples in healthy sheep were taken from the same liver lobe. Tissue blocks were directly deep-frozen in liquid nitrogen prior to long-term storage at -80°Cuntil RNA extraction.
RNA reparation, Labeled cRNA preparation and microarray processing
Total RNA was isolated from liver tissues using TRIzol reagent (Invitrogen, USA), according to the manufacturer's instructions. Isolated RNA was purified by RNeasy Mini Kit (Qiagen, Germany). RNA quality was checked by spectrophotometric analysis (NanoDrop Technologies, Thermo Scientific, USA), and electrophoresis prior to cDNA synthesis. The first strand cDNA was synthesized, followed by second strand cDNA synthesis. cDNA was then transcribed and labeled with T7 RNA Polymerase and cyanine 3-CTP. After purified by RNeasy Mini Kit (Qiagen, Germany), the labeled cRNA was fragmented to segments using fragmentation buffer at 60°C for 30 min. Then, the fragmented cRNA were then hybridized to Agilent custom 4×44k chips, representing 15008 sheep genes, provided by Beijing Protein Innovation Company. Hybridization, staining, and washing of all arrays were performed at Beijing Protein Innovation Co., Ltd.
Real-time PCR validation
Quantitative real-time PCR was employed to verify the regulation of genes detected by microarray. Six differential expression genes were randomly selected as quantitative real-time PCR analysis. The GAPDH was used as an internal control. The primers for these genes, listed in Table 1 , were designed by Primer premier 5.0 and synthesized by Beijing BGI Company. RNA isolation was followed by DNase treatment (Tiangen, China) to remove genomic DNA contamination. The RNA was then used for first cDNA synthesis. Aliquots of cDNA target template were diluted serially and mixed with 200nM primers. The reaction was carried out in a PCR master mix containing 12.5μl SYBR 1 Premix Ex, 0.5μl each primer (10μ mol/L), 2μl
cDNA and 4.5μl ddH 2 O in a total volume of 20μl. The PCR reactions were carried out and the cycling program was set as follows: an initial denaturing step at 94°C for 4min, followed by 35 cycles of 94°C for 15s, annealing at 52-64°C for 20s, and extension at 72°C for 20s, and a final extension step of 10 min at 72°C. Amplification reactions in triplicate for each sample were performed. The relative quantification of the target mRNAs was carried out using the comparative method according to the instruction manual. The mRNA expression levels for all samples were normalized to the level for GAPDH housekeeping genes.
Data filtering and statistical analysis
The hybridization data were extracted with Feature Extraction Software 10.7. Gene Spring 12.0 Software was used for data analysis. The read dates were normalized. For each microarray 
Results
In this study, eight weeks after infection, all of infected sheep had cystic echinococcosis in the liver as evidenced by the presence of hepatic liver lesions, exhibiting the same morphology including a central parasitic vesicle of approximately 0.2-0.5 cm of diameter, and surrounded by a white periparasitic inflammatory corona (S1 Fig). The control counterparts neither presented macroscopically nor microscopically visible lesions in the liver.
In the present study, we analyzed gene expression in the liver of sheep infected with E. granulosus and compare it to that for uninfected sheep. Samples were collected at 8wks post infection, which corresponds to the early metacestode cyst established phase in the liver. Microarray analysis displayed that E. granulosus infection induced significant changes regarding the hepatic gene expression profile in affected sheep compared with the untreated controls. The parasitized animals shared a total of 153 genes that significantly changed after 8 wks of infection (Table 1) . Of those genes, 87 appeared were up-regulated in reference to non-infected controls, and 66 genes were notably down-regulated. We manually assigned each of these transcripts to functional categories, with a significant focus on genes associated with three major functional categories: (a) metabolism, (b) the immune system and (c) signaling and transport. Table 2 listed information of some up-or down-regulated differentially expressed genes of different canonical pathways in the liver infected with E. granulosus at 8 wks post infection, compared with healthy controls.
At 8wks post infection, the most prominent genes which were significantly up-regulated in the liver tissue encode MCM, NDUF1, AACS, P450RAI-2, DARS, MRPL39, SOD1, associated with mitochondrial respiration and aerobic metabolism ( Table 2) . Consistent with the up-regulation of genes associated with mitochondrial energy metabolism, we also observed several represented up-regulated genes involved in the lipid metabolism, mainly on the aspect of fatty acid synthesis (e.g. FASN, SCD) and cholesterol synthesis, like HMGCS1 and THRSP. Instead of up-regulation, genes encoding apolipoprotein, including APOA1 and APOA4, were observed down-regulated in the present study (Table 2) .
We also observed a significant increase of hemoglobin-related genes mRNA expression in infected animals at 8wks post infection, including hemoglobin-related subunitsβ(hbβ),γ(hbγ). Furthermore, the up-regulation of ACE2 and Mllt1, as well as the down-regulation of HIG2, THBS4, and BLVRA predicted to be involved in blood metabolism, was detected in infected livers, respectively. In addition to genes associated with vasodilation, genes associated with muscle contraction were also observed that show high expression profiles, they were SNTB1, Gabrb2, and Pou2af1 (Table 2) .
In the present study, we observed an increase in the gene expression for complement including C6, C4A, CR2, C3 at 8wks post infection. In contrast to up-regulation, here, we observed a strong down-regulation of genes that are associated with antigen presenting cells (MHC, CIITA, CD1, CD3, CD4, CD28), antibody (IGSF3, IGSF5) in CE infection sheep at 8wks after the experimental challenge (Table 2) . We note additional key changes of genes associated with transport and signaling, e.g.SLC1A2, CLIC2, CACNB3, etc.
Six genes with a differential expression level were randomly selected to conduct Real-time PCR validation of microarray data. The results from Real-time PCR were shown in Fig 1, which were highly correlated with those generated from microarray analysis. 
Discussion
The immune mechanisms responsible for elimination of E. granulosus from the infected host and those may contribute to pathology during infection have not been clearly defined. The present report is a continuation of our studies to understand fundamental molecular mechanism of response to cystic echinococcosis in sheep. In the present study, we aimed to examine details about signaling pathways and key signaling molecules involved in liver defense mechanisms against E. granulosus. To our knowledge, this is the first report describing the transcriptional response of liver to E. granulosus at 8wks post infection. The time point is selected due to the reason that the stage of 8wks post infection with E. granulosus corresponds to the early metacestode cyst established phase in the liver [27] . It has been demonstrated that larval parasites, at the early stages of infection, were more susceptible to immunological killing [28] . Furthermore, in AE infection mice, it has been reported that during 1-2months infection, the hepatocyte proliferation occurred, and might play an important role in fighting against parasites [23] . Therefore, we hypothesized that critical host immune response might occurred at this time, and we expected that effector mechanisms responsible for elimination of the E. granulosus to be apparent at this stage in sheep with CE infection. Actually, by applying microarray technology to E. granulosus infection, we have identified 153 genes whose expression level either increased or decreased more than 2-fold. In assessing the inferred function of these genes, we see a number of key themes, with a significant focus on genes associated with three major functional categories: a) metabolism; b) immune response; c) transport. Through a deeper analysis, we found that our data not only was suggestive of an up-regulation of many individual genes involved in immunity and metabolism systems, but also was indicative of a hub-like network tightly connected to each other, acting together to play the role of fighting against E. granulosus infection: The immune system, especially the complement, tightly connected to other systems, acting together to play the immune surveillance role during the E. granulosus infection (Fig 2) .
It has been traditionally acknowledged that the complement system is a vital part of immune responses, which plays a major role in defence against the establishment of invading pathogens [29] . The complement activation triggers significant host defence mechanisms, such as phagocytosis, opsonisation and cytolysis resulted from foreign cells including pathogens, as well as the formation of membrane-attack complexes. [30, 31] . In this study, E. granulosus infection at 8wks resulted in genes encoding complements activated. Combined with the alteration of genes associated with metabolism, and other systems, we summarized that the killing of parasite by activated complement might be the result from the following processes: (i) Complement-mediated early inflammation; (ii) Complement mediated phagocytosis. Fig 2 demon strated the schematic interaction linked to differential expression genes. To begin with, complement-mediated early inflammation may play an effective way in the parasite defense at 8wks post infection, as suggested by the alteration of genes associated with inflammatory processes, including complements, inflammatory cytokines secretion, vasoconstriction/vasodilation, muscle contraction, as well as blood metabolism.
In the present study, we observed expression profiles of genes associated with inflammation were significantly up-regulated, including HBB, HBG, ACE2; SNTB1, Gabrb2, Pou2af1, CXCL2, etc. There might be several reasons behind this phenomenon, which were illustrated in Fig 2. Microarray analysis displayed that numerous genes associated with complement pathways were induced following infection. We note expression of genes associated with complements and chemokines were significantly up-regulated (C3, C5, CXCL2). Our finding is in partial consistent with the studies reported by Breijo, who have shown that the complement was activated during early secondary E. granulosus infection in mice [32] . It is probably due to the reason that when E. granulosus invaded, the hydatid cyst established is potentially able to activate host complement [32] , resulting in the upregulation of C3a release, which attract and active inflammatory cells, thereby releasing the proinflammation cytokines, as suggested by the upregulation of CXCL2 chemokines. It has been known that various complement cleavage products have effector functions. C3 ligate their seven transmembrane-spanning G protein-coupled receptors C3aR, transmitting proinflammatory signals that induce vasodilation and cytokine and chemokine release [30] .
As expected, E. granulosus infection at 8wks witnessed a phenomenon that expression of genes associated with vasodilation changed in the present study. Angiotensin converting enzyme (ACE) 2, a recently identified homologue of ACE that may regulate the actions of angiotensin (Ang) II by facilitating its breakdown to Ang 1-7, is found to be positively associated with vasodilation. It has been reported that in chronic liver injury, ACE2 is significantly up-regulated [33] , showing the consistency with our study. Furthermore, we have shown that expression profiles of genes associated with inflammatory hyperemia in the blood metabolism (HBB, HBG) and muscle contraction were significantly altered (SNTB1, Gabrb2, Pou2af1).
In short, from the above phenomenon, we concluded that it may be due to the inflammation effect mediated by complement, as the complement was a key trigger of innate inflammation in E. granulosus infection. At 8wks, the larval stage or metacestode of E. granulosus (hydatid cyst) causes a chronic infection, the complement involved in the immune system was activated, which attract and activate inflammatory cells, thereby releasing the chemoattractants CXCL2, thus initiate an early phase of neutrophil recruitment. In the process of fighting against the parasite, these cells release histamine and other biologically active molecular, thereby causing blood vessels to dilate capillaries through increased permeability, smooth muscle contraction, thus mediate local inflammation [30, 32, 34] . Our results are in partial agreements with reports on E. granulosus infection in mice, showing that the hydatid cyst establishment are associated with the control of complement system and, consequently, of local inflammation at the early stages of infection [32] .
However, we found the down-regulation genes encoding proinflammation cytokines (e.g., CCR6, CXCR6), which may be related to the cross-talk between the parasite and host. The control of host inflammation by the hydatid cyst most likely is achieved by inhibiting the formation and/or activity of a whole range of host pro-inflammatory.
On the other hand, we give the explanation that phagocytosis might be critical in complement mediated fighting against parasites at 8wks post infection.
In our study, we identified a marked up-regulation of several genes that are associated with mitochondrial metabolism (AACS, ND1, MCM, and DARS) in the liver of E. granulosus infection sheep at week 8. (ND1 gene encodes NADH dehydrogenase subunit 1 which is in the complex I of the respiratory chain. NADH1 is responsible for the energy generation pathway via producing ATP. MCM is involved in gluconeogenesis, in ruminants [35] . All of the above mentioned genes are involved in the mitochondrial energy metabolism process. As a central hub of energy metabolism, mitochondrial, plays an important role in cellular energy metabolism, and play an important role in the interaction between parasites and their hosts [36] .
Combined the up-regulation of complements observed in this study, we assumed it may be resulted from complement mediated phagocytosis mechanism, which play the critical role in fighting pathogens [37] . In our study, C6, C4a, CR2 molecules produced during the complement activation process are important opsonin, which are able to combine with the complement receptor on the surface of phagocytic cells, and thus promote the role of phagocytic. Once phagocyte pathogens, phagocytic cells show active aerobic metabolism, and the consumption of oxygen is significantly increased in a short time, which is the "outbreak of the respiratory chain" phenomenon, as suggested by the significantly up-regulation of genes involved in the mitochondrial respiratory chain (ND1, MCM, DARS) in this study, and then activate the oxidase located on the cell membrane and phagosome membrane-reduced coenzyme 1 (NADH) and also coenzyme 2 (NADPH), catalytic oxygen molecules, playing the killing effects. In the present study, the upregulation of NADH1 might partially reflect this assumption.
Signal transduction is an essential process in integrating host immune responses to pathogen infection. In the parasite infection process, a set of proteins involved in such pathways were significantly regulated during immunity development [22] . We also observed significant upregulation of genes associated with transport and signaling altered in this study. This might be due to the reason that the products produced by the immune system in the process fighting against parasite need to be transported out of the cells.
Last but not least, an immune homeostasis was established by the host during the infection process.
It is well known that the liver plays an important role in homeostasis and the overall metabolism of animals. While a robust and rapid initiation of the host defense mechanism is essential for a successful parasite clearance during the early cyst established phase, on the other hand, an excessive immune defense can produce temporary or permanent damage of the host, as suggested by the up-regulation of genes associated with liver injury (PIK42B, GPR155 and FAIM2) in the present study. Therefore, a restriction of a thriving innate immune response is necessary to limit host defense [38] .
Here, we observed a strong down-regulation of genes that are associated with antigen presenting cells (MHC, CIITA, CD1, CD3, CD4, CD28), antibody (IGSF3, IGSF5) in CE infection sheep at 8wks after the experimental challenge. In vitro, it has been shown that complement and antibody together act as potential antiparasitic effector to inhibit parasite growth or kill metacestode [2] .However in our study, we only observed the complement and its mediated effect was activated in parasite control, while antibodies and APC cells were repressed. This might be due to the reason that down-regulation of these genes balances the host immune response. However, there are also some questions need to be answered, firstly, whether repression of the antibodies and APC cells represents a time-dependent response, i.e, whether the antibodies and APC cells could be activated or remain this repressed expression level in the late stage of cyst established. On the other hand, it is likely that a more distal tissue from central parasitic vesicle might have a different degree of expression. Therefore, gene expression profiles in the lesion, including the periparasitic infiltrate, and in the surrounding liver, close to the lesions, were also needed to carry out. As mentioned above, we will design new studies respecting temporal and also spatial aspects to unravel late stage characteristics of CE in sheep.
Conclusion
In summary, we have identified, for the first time, the gene expression pattern induced for E. granulosus infection at the liver tissue using a microarray-based methodology, resulting in identification of genes associated with immunity, liver injury as well as those implicated in the metabolism, signaling and transport pathways. Together with the previous studies, data are suggestive of the immunity, with the aid of metabolism system, and signalling pathways, plays crucial roles in the E. granulosus infection. However, as potential limitations in our study may influences gene expression, such as the small amount of sample size and the cellular composition tissue used, etc. Further studies-like amplifying the sample size, separating different cell types from the liver tissue, together with histology-should be carried out to confirm this hypothesis. And also, the proteomic analysis should be performed to examine gene transcription.
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